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1. Title of the invention 

Glass composition for use as glass fibers 

2. Range of patent application claims 

The compositions contains the following. 

Si0 2 35 -75% by weight 

A1 2 0 3 i - 25% by weight 

CaO 2 3 - 63% by weight 

MgO i - io% by weight 

Fe 2 0 3 o - 1.5% by weight 

R 2 0 0 - 10% by weight 

X 0 - 5% by weight 



The proportion of Si0 2 is limited to a maximum of 30% but the 
I 2 f T an « be [ llle< 3 ible 3 ; the R 2 0 is selected from among the group 
K 2 o, Na 2 0, and Li 2 0. The X is selected from among the group ZnO, 
BaO Sro Tio A1 2 0 3 , Sb 2 0 3 , F, and S0 3 . The constituents above 
constitute 99-s or more by weight of the cement material used to 
form the glass fiber composition. 

3. Detailed description of the invention 

This invention is of a glass composition with glass fibers; 
the composition is highly alkali-resistant. 

In existing technology, the cement material [illegible! is 
strengthened and [illegible]. Also, a strengthening cement is 
used with fibers that are themselves strong. Asbestos was once 
used for these strong fibers. 

However, in recent years asbestos has become an 
environmental problem. Use has declined to the point that its use 
as a resource is no longer a problem, but only a few materials 
have properties that are equal or superior to asbestos. Glass 
fiber is one of those materials, and the use of glass fiber is 
becoming more widespread. 

Most glass fibers have Si0 2 as the main constituent, with 
Zr0 2 , Sno, or Ti0 2 added to improve alkali-resistance properties 
or CaO, MgO, or A1 ? 0 3 added, also to improve alkali-resistance 
properties, resulting in two main types of glass fibers. 



Among the glass fiber constituents named above, Zr0 2 
improves alkali-resistance properties the most markedly, but it 
also results in glass fibers with poor fusibility, and they de- 
vitrify easily. The constituents of the glass fibers include up 
to 20% by weight. The inclusion of 10 - 20% by weight leads to a 
number of problems but the alkali resistance is poor if less than 
10% by weight is included. 

Also, the previously noted main constituent of SiO^ can be 
used in making glass fibers with a high proportion of Al 2 0 3 , MgO, 
or CaO, but the resulting glass fibers also have poor fusibility 
and de-vitrify easily, problems identical with those found in 
high Zr0 2 glass, making them difficult to [illegible]. 

In comparison with the types of glass described above, this 
invention includes Si0 2 , MgO, and CaO as mandatory constituents. 
The resulting glass compound has both a high resistance to 
alkalis and excellent fusibility. The constituents are as 
follows . 

Si0 2 35 - 75% by weight 

A1 2 0 3 1 - 25% by weight 

CaO 23 - 63% by weight 

MgO 1 - 10% by weight 

Fe 2 0 3 0 - 1. 5% by. weight 

R 2 0 0 - 10% by weight 

X 0 - 5% by weight 

The proportion of Si0 2 is limited to a maximum of 30% but the 
Zr0 2 can be [illegible]; the R 2 0 is selected from among the group 
K 2 o, Na 2 0, and Li 2 0. The X is selected from among the group ZnO, 
BaO, SrO, Ti0 2 , A1 2 0 3 , Sb 2 0 3 , F, and SO,. The constituents above 
constitute 99% or more by weight of the cement material used to 
form the glass fiber composition. 

The glass composition that is the subject of this invention 
has high alcohol-resistance properties and good fusibility. It is 
comparatively hard to de-vitrify, and as its [illegible] is also 
good it is [largely illegible - probably "comparatively easy to 
work"]. Its resistance to alkalis means that a strongly alkali 
cement can be added to the mixture and used for long periods of 
time. 

With regard to this invention, the percentage by weight of 
Si0 2 is to be 35 - 75%. If the content is less than 35%, 
vitrification difficult, the liquefaction is poor, and the 
conversion into fibers is a problem. On the other hand, if the 
content is more than 75%, the resistance to alkalis is a problem 
and difficulties with conversion into fibers emerge. 



The middle range of 40 - 65% by weight is especially 
favorable. For alkali-resistant properties and for conversion 
into fibers the range of 40 - 56% by weight is most desirable. 



« 



Also, even though the maximum amount of Si0 2 is 30% by weight 
(ratio of Si0 2 in the mixture) and Zr0 2 is [illegible], neither 
the alkali resistance nor the liquefaction properties show 
difficulties. 

The amount of A1 2 0 3 is to be 1 - 25% by weight. Liquefaction 
becomes poor if it is less than 1% by weight, and if it is more 
than 25% by weight the resistance to alkalis is degraded. Alkali 
resistance is best in the middle range of 20% by weight or less. 

The amount of CaO is to be 23 - 63% by weight. Alkali 
resistance is degraded if it is less than 23% by weight. If it is 
more than 63%, liquefaction becomes poor and conversion into 
fibers is a problem. In the middle range of 32 - 50% by weight, 
though, particularly in the range of 35 - 50%, both resistance to 
alkalis and liquefaction are good. 

The amount of MgO is to be 1 - 10% by weight. If it is less 
than 1% or more than 10% the liquefaction is poor. The middle 
range of 2 - 8% by weight results in ease of [illegible]. 

The amount of Fe 2 0 3 is to be 0 - 1.5% by weight. The role of 
this constituent is to improve liquefaction, but if the amount 
present is more than 1.5% by weight, it has an adverse effect on 
the resistance to alkalis. 

R 2 0 is to be chosen from among the group K 2 0, Na 2 0, and Li 2 0 
and is to constitute 0 -10% by weight. This constituent is meant 
to aid liquefaction, but if it constitutes more than 10%, the 
[illegible] is poor. The best range for this constituent is 0 - 
5% by weight. 

X is to be chosen from among the group Zn) , BaO, SrO, Ti0 2 , 
A1 2 0 3 , Sb^0 3 , F, and S0 3 . The main purpose of this constituent is 
to aid liquefaction. The amount used for that purpose is 0 - 5% 
by weight. If more than 5% is used, the resistance to alkalis is 
adversely affected. 

These constituents constitute 99% or more by weight. It is 
possible for the constituents described above whose purpose is to 
improve liquefaction to make up less than 1% by weight of the 
total . 

A good proportion of ingredients for this invention is shown 
below. 



Si0 2 


40 ■ 


- 65% by weight 


A1 2 0 3 


1 - 


2 0% by weight 


CaO 


32 - 


- 50% by weight 


MgO 


2 - 


6% by weight 


Fe 2 0 3 


0 - 


1.5% by weight 


R 2 0 


0 - 


10% by weight 


X 


0 - 


5% by weight 



Zrc 2 can be [illegible 2 ] ; th*e R c f iJ J, U *? l ? m ° f 30% b "t the 
£0, Na 2 0, and Lii. The x is sflecto- f ^** fr ° m amon 9 the group 
Bao, SrO, Ti0 2/ A 2 1,0 T , SbO F n5 S fr ° m amon * fc he group ZnO 
constitute 99%' or 2 more 3 we[gh? of ^ ^ c ° nst ituents Ibove ' 
form the glass fiber composUiol ""^ materia l ^ed to 

below PartiCUlar1 ^ e »-tive ranges for this patent are shown 



S10 40 - 56% by weight 

MgO 2 - 8% by weight 

Fe 2 0 3 0 - 1.5% by weight 

J 2 ° 0 - 5% by weight 

x 0 - 5% by weight 



The proportion of sio i «5 *. 

Zrc 2 can be f illegible 2 ] ; thi" O la «i "T^™ ° f 30% but the 
£0, Na 2 0, and LiJ,. The X i! ^J 1 .^ from am °"g the group 
Bao sro, TiO A 2 l 2 o 3/ Sbi F and cJ am0ng the 9 rou P ZnO, P 

constitute 99% or 'more bl ' weioht of const ituents above 

form the glass fiber C o£posi9on\ 6 Cei " ent mater "l used to 

invenJJ^n^nv^vef l^fyLa^h? 1355 COmP ° Und Used in this 
amounts and passing S thlS a " materials together in f ixe d 
rotator with many [illJaibJp I • ° rifice , extruding them; tht 
orifices are attLhed S suDDlie3 S ^-L^ apS " ] to whi <* the 
rotated at a high-speed roSff [Wlth the raw material] and 
glass to flow fron, th n . r 5 ":/!"^ 1 ^! force causes the 
temperature gas heater is us^d „ V° be dls P erse d- A high- 
flow is warmed by the gal hitter anS^'" 9 the glass " ™e glass 
gl a ss [fibers] used in^he^^^^^e^^-^.^-^ng the 

comparison eSp^s^ ^Tl^ H °' 1 through N °- " a "d 
through 3, are dellr^d N °' 17 ' sh ^n in Tables 1 

an ^eous^-SfoS^^^ boilin 5 a sample i n 

six hours, washing it and SrviL h °!f r ' letfc ing it stand for 
the sample with the weight of S u^r~;V° mparin 9 the v ^hl of 
the amount by which the^eight Cas"reducld. t0 dete ™^ 

(PartiSuJSJj 1 ;;- efactlo^^ t0 "Wction properties 
was made to liqiSy^he base matfrU? tem P e f at ^e) P a£ attempt 
showed good liquefaction a?I Tiltn til ; om ? letel y- Those that 

whxch a considerable [illeg^^pos'sib'r^Jse 1 ?" t'* ^ f ° r 

/ ywoaiuxy rise in temperature' 1 ] 



was necessary are given the designation B; those for which 
liquefaction and conversion to glass fibers posed problems are 
given the designation C. 



Table 1 





No. 1 _ 


No . 2 


No. 3 


No. 4 


No._ 5 


No. 6 


Si0 2 


42 


40 


50 


68 


50 


40 


ZrO, 





5 


2 


— 


— 


5 


SnO, 




0.5 







— 


0.5 


TiO, 





_ _ 




0.5 








CaO 


40 


37 


34 


24 


30 


30 


MgO 


5 


4 


6 


2 


7 


8 


BaO 


— — 





1 


— 


1 


— 


ZnO 











— 


— 


0.5 


SrO 





1 


0.5 


— 


— 


— 


K 7 0 





1 


— 


— 


— 


— 


Na ? 0 








0 . 5 


0 . 5 


1 


0.5 


Li->0 










0.5 






13 


11 


6 


5 


10 


14 


Fe,0, 




0.3 








1 


As ? 0, 


— 




— 


— 


0.4 




Sb ? 0 7 












0.3 
















F 










0.1 




SO, 












0.2 


Liquefactio 
n 

properties 


A 


A 


B 


B 


A 


A 


alkali 
resistance 
properties 
mg/cm 2 


0. 0030 


0.0025 


0.0060 


0.0095 


0.0075 


0.0068 



Table 2 





No- 7 


No. 8 


No. 9 


No. 10 


No. 11 


Si0 7 


50 


37 


42 


40 


48 


ZrO, 


5 


— 


0.5 


— 


0.5 


SnO ? 


— 


— 


0.5 


— 


— 


TiO ? 


— 


— 


— 


— 


— 


CaO 


30 


38 


48 


42 


40 


MgO 


5 


2 


5 


6 


6 


BaO 




00 


0.5 


— 


— 


ZnO 


— 


0.5 


— 


— 


— 


SrO 


— 


— 


— 


1 


— 


K ? 0 


— 


— 


— 


0.5 


— 


Na P 0 


— 


— 


0.5 


— 


— 


Li ? 0 


— 


— 


— 


— 


0.5 


Al,0 T 


10 


21 


3 


10 


5 


Fe,0, 


— 


1.2 


— 


— 


— 


As ? 0, 




1.3 










— 




— 


— 


— 


B ? 0, 












F 


— 


— 


— 




— 


SO, 








0.5 




Liquef actio 
n 

properties 


A 


A 


A 


A 


A 


alkali 
resistance 
properties 
mg/cm 2 


0.0110 


0.0080 


0.0050 


0.0055 


0.0032 



Table 3 





No. 12 


No. 13 


No. 14 


NO. 15 


No. 16 


NO. 17 


SiO, 


45 


30 


40 


64 


45 


54 



ZrCL 














Sn0 7 














TiCX, 












0 . 2 


CaO 


40 


57 


0 ft 




JO 


17 . 5 


MgO 


2 


3 


A 
*t 


c 




4 


BaO 














ZnO 














SrO 














K 2 0 














Na 7 0 












0. 3 


Li-0 














A1,0, 


10 




9 ft 


T 1 
IX 


T "7 
1 / 


14 


Fe.,0, 


2 5 












As^O, 














Sb ? O x 
















— 


— 











10 


F 




























Liquefactio 
n 

properties 


A 


C 


A 


c 


c 


A 


alkali 
resistance 
properties 
mg/cm 2 


0.0030 


0.0025 


0.0060 


0.0095 


0.0075 


0.0068 



All of application examples No. 1 through No. 11 showed 
excellent resistance to alkali and excellent liquefaction 
properties. Compared to the E-glass of No. 17, the alkali 
resistance results show a loss weight at a level 2/3 or less than 
the loss seen in No. 17. No. 1, No. 2, and No. 11, in particular, 
show good resistance to alkalis, with a loss of weight 1.6 that 
of No. 17. 

Also, No. 12 the example that contains 2.5% by weight of 
Fe 2 0 3 , shows good liquefaction but lowered resistance to alkalis. 



No. 13 is the example that contains a small amount of Si0 2 , 



7 



30% by weight. Liquefaction properties are lowered, the 
conversion of the glass into fibers is difficult, and the 
resistance to alkalis is lowered. 

No. 14, in which the amount of A1 2 0, is a high 2 8% by 
weight, shows good liquefaction but resistance to alkalis is 
lowered . 

No. 15, in which the amount of CaO is. a scant 20%_by weight, 
and No. 16, which has no MgO, both have good resistance to 
alkalis but the liquefaction properties are lowered and 
conversion into fibers is a problem. 

As noted before, No. 17 is E-glass. It has good liquefaction 
properties but resistance to alkalis is a problem. 

Among the application examples of this invention. Nos. 1, 2, 
3, 9, 10, and 11 have the most desirable selection of 
constituents. They show a loss of weight due to alkali action 
that is 1/3 or less than the loss seen in E-glass. all of the 
examples in the desirable range, Nos. 1, 2, 3, 9, 10, and 11, 
show good liquefaction properties. In particular Nos. 1, 2, and 
11 show a loss of weight due to alkali action that is 1/6 or less 
than the loss seen in E-glass. 

This invention thus improves the alkali resistance and 
liquefaction properties of glass composition, and when fibers are 
produced by the method outlined above the fibers are long and can 
be gathered into stranded bundles. Strands can be cut or uncut, 
and cements with alkali properties such as Portland cement, 
aluminum cement, the cement used with asbestos can be used with 
these glass fibers. 



Agent: Motohashi, [illegible] et al 

6. Inventors, applicants, or agents other than those noted above 
(1) Inventor 

Address 1-21-11 Tosenya 

Meguro-ku , Tokyo-to 

Name Osawa, Shigenari 



(2) Applicant 

Address 

Name 



(3) Agent 



Address: Second Bunsei Building 
26, Shiba Kotohira 
Minato-ku, Tokyo-to 105 

Name: Attorney Togamura, [illegible] 




■ur Ref . : Case 700 
cited reference C. 



07 



1. W o S 



* a a q 




<• « * A 

s. sitsaosa !C51^J 
(0 us* ia f ; * 



(3) « e tt 



i 'A ao-c«x 

1 ii 



7T1 



■ivilie Ref . : 6207 CIF 

©«HS 51 - 133311 
©2KB ES51. (1 9 7 6) ii j9 

©asem Eg*,, (i 9 ? f ^ 



J 7 n tff T 










©Int. CI 2 . 


-1/ A2i 










n/oo 



I. « ¥1 O * * 

2- « n f4 * o y d 



I $ — T S »t< 

1 - J 5 »t4 
! J — < J «t-» 

1-10 

0-1.5 

0-10 •«« 

0- 5 



SiO, 

c»o 
z 

T * * * con 610, t^PWxta 3 0 *t* <* x 
ti :rO, *C tf t- 1 C?. T * 9 , R t 0 H **0 . K* t o . 
Li s o o w B' t) is « n , r zoo . b»o , Sro. 
Tio, . a» x o, , st» x o» . r , sojo (t«<M *l n , 

-t*CO*il^O*ft*:f 9 »H ± t Jj> A. t / 
3. *3 ¥i 9J t* 93 ft U *! 



»:ft9*4G*rC»ST'& i O T & . 

CZ »S * S , -s> > 'EW*ifci*i«-Ci<i*L* 

3<t*/;'>'ji«f;*r:«*«*i5ft-cs.*5 x q 
K-satci > • ft « ,i ,t t > / ^ n « 4 a c < 
it ^ (t 2 ft t t t ^ ft • 

L L * 3 ¥ a M * £ » ± O H & « ilflCJb^ 
M fc> IC T 4 fi IC I « t 4 C t «: «? i U < »i < t 

^«t*t*-f*rf» ft, ?l M It 

■c ft f> ft: , xft L t «o, fc = •* # 4 U » zrc 
SnO, , TIO, 9 h T a a » t* tmi J < i 

* A t * cio . * c o k ^ t£ *^l0 S o t W f 

fc*<T*ct»c: 9 « t a « ietm±.«-c 
? t ^ z.-o, tJttics^tirfJ 

» : i>. < , * a U <• T * o , r»OHfrt»i^^ 
iL<rf*,*C%<^*^2 0 & et 1 T "C *: 



-61- 



REFERENCE C 



a A s: % < , 0 5 a f: i^TH , w 

^*iT*i)i2s:W"3X< 4 ^ > S < A k « 

X * it n * sio, * h ff. # t L * * a^iCj 
o * J a « t> r: A «to o * 9 *■ s it v* « js c»o 

#, 9 jl * *. « • K 3 A t ^ i fl-s = K « 

e < » saL^r^itoflt'Airo, o 

4»t Viru (t L K ( < , R k 2 t ( L 

X ^ ft • 

sio, . A^ t Oj . c»o . Mgo t £ a Si St t L * 





ft * 


+. T * 13 


9 




* 


* 


L 




j- 5 « * e it < a 


ft 


ft Jf 


9 * * a 


*d 


t 


a 


n 


t 


t 


* i o 










S10 t 








3 


5 — 7 


S *t* 




















1 — 2 


S «t* 










c*o 








2 


3 — 1 












MfiO 










1 - 1 


0 




















0 - I. 












H»0 










0 - I 


0 »tfi 










X 










0 — 










» 9 


1 

tt t » u it it v n 


V ft O M *. 




v -c « 0 




S « 




T 


C 




»: 


*? 




t v> . 


X 


, $10, 


II 


% «*• 


O J * * 


o n « 




3 


0 **% 




$10, o 


JT 


* ft 


rc it t ) 


* 


ZrO 






n T a- 


ft 


9 f* 


% ± M 




K 


V* 


• 












S 




X 




9 » 1 


•t« * * 


*• 


V* X 




*•* 




< 


It 


9 




U K it 




ffl w r >, 


!) 


* : 


S x 






it 


o 


* 




K 1* ^ 


-c 


13. % It 7 


v*» 


/» 9 


s o yr it 


f< 








< 




5 ^ « 


■c 


^ 2 o 




T t 


T 4 7»' * 


it 


T 


A- 


ft 


9 


ft 




u 






CtO 


U 2 3 - 


< 


3 




X 




5 . 2 


3 




K 


V v% 


■c r: ft t 


A, 


8 


9 


tx 


& 




1 * E 


rc 


< 3 


X 


5 * 


If 1* H * 


rc 






x 






« tt 




< * 9 . 


Ml 


* it 


»•* to «* t 






• 


«p 


X 


< 


3 2- 


s 


0 •»# , 




K 3 


$ - $ 0 






r 




c 


t tc X 


& 


if T * ft 


f 


tt % 


M m a t 




a 


♦J 


t 


* 


A 










1 - I 0 




X 










m 


Hi x n 10 




> * ft * j e 


K 






X 


n & * 


u 


fl: £ It L 




1 t 


< * < * 




X 




2 




a 




T 




X 


5 * 


a ft L V 


T 


< 




o 


• 












2fC, r X * •! H T h C % »,0 ^ r,3 . n« t 3 . 
TtO, . ii,0j , xa,c, . 5=J o ft 3 . ^ d 





ft 


x ± e 


o 


* £ O tr 


k »: f t «tu w ^ 7 


o 


-z 






*T V* -ri <l ^ 


ft 9 A -< *^ 


% *a -i T 




o 


• 














« ^ o 




? * K S «s 


i-. , *: if 


7 A* n ^ 


r. 




L T i* 


» 


* c e 2 % 


A < , * - 


<t t it n r 


u 


K 


< < ^ 


V* 


OtI JSS i 


ft t W -c 


rt o * !t 


u 




T < , 


tc 


fi 2 3 : i ^ 


i IC <• ^ T 


a. n 1 s ^ 


«r 


r 


* -= / 




► «i rc 


A A U t s 


A m ^ * 




* 


* * a 


n 


7) t 9T T A 


t C T h o 


• 








V 




T 






s 






ff' > * ic u 


K 


< 


< , * 


M 


* 




r- ^ »=i £ 






a k r 


S 


•t* t J*/ 


*C O * * K 


^ t r. -. ; 


T 


A> 


i> 9 a 


± 


KMar.tt<«tfc 


i rc w ft 




^1 




o 


• 








<P 


T 1 4 


0 


~ « s '^V*? rc tc o -c 


St ft ft. »? T 



t4S»T64«s fi 7 * » 1 ti O A 3- S ^ t 
L S n ♦ t K t 4 t ^ ! I < 4 V. , 

*t0 tt I|0 , »» t 0 . Ll,0 O C» O «P iS 

r-A-ftx s«tt!VaAT4S5t, o — i o 

JX3b : £<tL-C<4/to»»?L< «K0 

X H XnO . B*0 , SrO. TtO, , Ai t 0] . S^D 3( » 
Of>0*S«rfft&SfrT^9« £ £ U t « <tf (* 

S »t* : J 9 I O « » ic i- ^ t i;- , «i T* H 

iid«*o«r:, ^ *i ti t a a r o /c o o t j *y 
* k ti fr K ^ tt T *i v i • * dt X *> 1 1 rz n 
HtUI4tl4, 

S10, 40-«$«t» 
*^,0 a 1-20 » «» 



-62- 



: * o 
z 



) 2 - $ 0 • : * 

0 - I. $ » t* 
0-1 fl * t* 



t« & * cofssio, o r« * x * i o »ts - r 

Off A, I ^ Z = 0 . 3*0 . S.-O . 

7l0 » • *'J0J . 55,0,. ?. S3jOff_ r . S_ A 
K ft * ie055i-0*tS : 9 » (lit* 

?i W ? 4 c i 



St 0, 

c»o 

MgO 
X 



40 — 5 4 » W 

I - 2 0 *tf> 

3J-5 0 »t*» 
I— I 
0 — I. 5 

0— 5 «t* 

0— S -t«> 



- : 2r: « : »" « Ht t * j , 
*, : , o o s* h c n a * t i 
::c, . Ai t o, . ssjo, . », 
a % i 1! o t u ,t o t 4 r; 
■= * 'y > * er vj «, i M /» f 
»* T >.* o , 

S H M O ft" 5 * K Sc is r« 
* T « >- L rt a ? r 9 

t l t s s « -r , Jtaa^ 

M A t « « ^ T o fl 7 r 

■4 -c- ; : : > ft y o # ! 7 

.< t L t M »s s n , a; K jt 

H T ^ « v; o ^ * *t It 

* 5 * Bl V * i* 4 d n * ft 

* X n 9 At L T V « * ft 
K K ii i A s H J K. 5* \* 

U't 0! n X I 2 - * 1 T 
t ki! T * M SOKtt 



> X J ] o »-.v 7 - 
C lac , 5*0 . jro . 

o it <: ^ 

» » •■-»■« i T i 
* r< *t $ r; * * £ 

, * U *7 K t: *. M * 

7 < * z r n 5 > - 
t t v> i ft w i: x k 

< * «• ^ R ? * 

a « ? u & % ,\ ». 

c • 

ri M Vi A I ■• a I i 

n» I > »*on * « 
(4 ^ 3 K b « XL C ; 





<* 


L 


X* a C O X ft <: 








>• 








fi 


U 


*C *i ^ rt • 
















X 




*i*«tifi* £ m K 


1 






St 


IC i- 


* 


a 




) 


* ^; « »: « t is W K 


ft 


T o 




*i 






»„■ 


m 


«t 


Cx *• K t *j v. f»* 


t 




^ 


•o 


\ O 






* 


fT 




o 


t » 




rt 




A If 






r„ 


4&««. ftj. not 










fc c 


t t 




• 



















i i so : to 



I Sl °i ! 4 2 4 o i $ g 

I Zr0 t - $ j 2 . _ * _ • j 

I 



5»0t - «. S , - - - ' w j 

no, • . - • _ ; o.j - 

M «0 5 : 4 6 2 7 I 

3»0 - I - | ■ 

200 - - - - «.5 

Sro - i g . j - - . 

1,0 - I - . - - 

~ - O.J 0.5 I 0.$ 



Lt.O 



0. S 



■Ui°J j I 1 II < 5 10 14 

f'jOj : - o. 5 - - - | 

A«,0j ; - - 0.4 . - 

; - * - " - - 0.1 

8,oj ; - ; - - . - - • 

r - . u.i!- 



* *rf e J 



i I f /^ ,a ! OJ003 0; Oj00 2 5; OS 0 60 ! uX) 0 • 5 OA0 7 5 ' oi>0*i 



-63- 



ft 



S 10, 
ZrO, 
SoO t 
TiO, 

c*o 
mo 

1*0 

Zeo 
SrO 
1,0 
K» ,0 
U ,0 

r«,o, 

s© g o, ; 

r i 



s 0 I 

s ! 



1 0 

s 



- I 
t 



4 t 

0.5 ' 

0. s ' 

* • ' 

* i 



4 2 
I 



I 0 



I - 



- i 



- i 



i 



4 I 

g.l 



4 e 
l 



t o 



0) 

s 



I 

I • — - - 
\ mo, 

! SoO, 
! TIO, 

: c«o 

j w«o 

• 9*0 

ico 

SrO 

i *«o 

1.1,0 

• B,0, 

• y 



i a i : • a i j ; < i 4 < ^ i i 

4 S 



3 0 



4 0 



< 4 



* I i . x i : 

4 $ $4 



4 0 



' S 7 

i i 



1 0 

I 



1 • 



OS 



1 0 
2. S 



1 t. 1 



1 7 



ootio t o-oo«o * oooso : uaoss • ooou- 



| Cl ^/^ tt '; > * * j OJ 4 • ' 00 1 J I 04 I 0 2 : Oi) I 1 1 • : 00 1 10 



• * 


* * 
« 


•* 


W *i X I 


M 0 


9 tt ± 


ft E 


- ^ J A 


A 1 


i -c n 


K r> 


f> fi * < 


X 


% X 1 2 


X h 


9 * « to 


ft T 


L X v* 4 


.* 


i ) rx, 




e « ti »s 


» % 


T* "2 ki T 


X 


t 4 r: % 


tf fit 


C£ tl A If 


*C Vs 


4 • 


X 


1 S K * 


A I 


« n uito 


» «r 


t£tl A*f 


L x 






T li « it 


n & 


♦ft** 



• Btf tt4-» , XI ) IC? L 
KittTjUT, If KX l , a 2 . 

ri * rt a o a t z. s -t* mjtn 

tl ri f. »? T « 4 it 7 * n f t: e= 
510, 9.3 0 . t4 * t V^»l T O 

Ai«Oj 9: 2 f »t* £ * ^ H ? 4 9 , 
T 4 * »• , «TT^rtla«:ftTL 

CiO »: 2 0 t^tu* 
»:o •«» On T * 9 , ftChT* 
t 3T Jt 4 * tftattfl. fio-CttT 
<: 61 ,1 t t ^ t V* 4 , 

ota< t-r^A-cos* «ea 

^ *l T a » 1 t£ O A T M is £ ? & , 



• . xi 0. Xi in#zL*HU*rt?*9 % 
7AMKI4fttKt-/MKltLili7 
t « 9 T » » % « 4Kl»Hv»ilBT04A , l. 
A«i. X » . Xl 0, X| IICl-^ttt^Tfi 
I # *1X # X it X 1> * % * IC X 1 . X2. All 
rtqifiOiaCt-jrj^rCitU, 7 * » ! K ; 

T * M 2 t , StttSt^t* « « O » | to £ 
tcx 5 a « ^ i LT* Z (X t« O 9. e (C I 9 ft 

tUT % a <^ C (t 14 4 « * ► * K t * ii L t 
5 L < ti «j b» U t < X * 7 r<^K(ft%U/t^7 

► tut, it^fiiiw£U-c» Zr:>nsos 

a- f^tyy ► % 5«9nv«.7»A 9 tt rj t / 

r~^.". — > 



-64- 



(1) * «m ^ 

ft £ X K « * 



(2) ff»S2flA 

ft £ 



(3) *t a a 

a * (Ties) ffJXStr^ 

*»■***• • » 

ft s * * ± *5 ft * 



-65- 



